Introduction
This paper is concerned with the study of bifurcations of periodic solutions of nonlinear nonautonomous differential equations depending on a small parameter. He perform this study using Poincaré's method [1] ; that means that we compute formal Taylor expansions of the solution near a periodic solution of the reduced system. This reduced system, the system obtained for a zero value of the parameter, is not asked to be linear.
We study equations of the form The maps X and f are assumed to be analytic in x, eventually in a definition domain smaller than the whole space, and periodic in t of period T. The map f has to be analytic in e near e = 0. If we assume that the system is nonautonomous, and thus the period fixed, the maps X and f can not be both independent of t.
The system (1.1) with e = 0 is called the reduced system:
(1.2) x = X(x,t).
We assume that this reduced system has a k-dimensional family of T-periodic solutions (1 s k s n) (1.3) x<°> = $(t,h) , h e G c IR k which depends differeritiably on the parameter h. This parameter corresponds to the initial conditions. We assume that rk 1! = k rK ah * so that the set $ = {x e R n |3t e IR, 3h e G, x = $(t,h)} is a k-dimensional immersed submanifold of IR n . We are looking for T-periodic solutions of (1.1) (depending on e) such that they are equal to (1.3) for e = 0.
Let h be fixed. The variation equation corresponding to this solution is
where | Q denotes that the values are taken at x^ . This is a linear n-dimensional equation with periodic coefficients. We assume that we know its principal fundamental matrix Y(t) so that the solutions are y(t) = Y(t)-a where y(0) = a .
As there is no general method to find the solutions of such an equation, the requirements of knowing the matrix Y(t) reduces seriously the interest of our method. Nevertheless, it is sometimes possible, as we shall see below, to obtain interesting results without knowing Y(t).
We can already notice that, if $(t,h) is a solution of (1.2), we obtain solutions of (1.4) by taking the derivatives d$ Hr^'h) i as X depends on h^ only via
We then have k periodic solutions of the variation equation (1.4). This implies that rk(Y(T) -E) * n -k. This means that Y(T) -E has at least k eigenvalues which are equal to zero. In order to avoid bifurcations outside the family $(t,h), we assume that (1. 5) rk(Y (T) -E) = n -k. It follows that there exists a (n -k)•(n -k)-submatrix of Y(T) -E of maximal rank. We can assume that this submatrix is in the right-hand down corner (eventually after a linear The initial conditions are We shall now consider a few examples of Newton's diagrams. 
